Isotope efFects in the Hz+-Dz+ fragmentation by intense laser fields o6er the possibility of a multiphoton interpretation of the bond-softening mechanism. Surprisingly, the calculations indicate that the one-photon dissociation of D&+ is favored with respect to that of H&+. This cannot be understood, as has previously been done, by a single-photon mechanism following tunneling through a lowered potential barrier, obviously more transparent for the lighter H& . It is rather a competition between this single-photon mechanism and a five-photon mechanism which is suggested for a more realistic interpretation. of the bond-softening mechanism with respect to the total number of photons it involves. As will be shown, the different behaviors of the isotopes may somehow enlighten the discussion concerning the competition between the two possible fragmentation pathways: either a one-photon process through a barrier-lowering mechanism or a five-photon process, which is nothing but a three-photon absorption followed by two consecutive photon emissions [10, 11]. The initial state for all isotopes is the (v =0, j = 1) rovibrational level of the ground electronic potential. As has often been the case in recent works, any change in the rotation quantum number due to the interaction with the field is neglected [7] . It is worthwhile to point out that, for this level, even at 10' W/cm, ionization still remains negligible [12] . Thus, molecular stability with respect to dissociation is not affected by the ionization. The potentialenergy curves are given Morse-type representations [13] . 
vibrational-trapping (VT) mechanisms. The absorption of more photons than the minimum number needed for dissociation results in a series of peaks separated by the photon kinetic energy (ATD) [2 -5] . Molecular potentials distort, via the strong dipole interaction, as the laser intensity is increased, causing the field-induced avoided crossing gap to open up. This results in an unstability of any ion with vibrational energy within the gap (BS) [4 -6] . In some specific cases, the laser may, on the contrary, confine the system in a finite spatial region by trapping it in a bound vibrational level (VT) [5, 7] . Isotopes (Hz+, Dz+ } may show quite different behaviors with respect to nonadiabatic radiative couplings, such as barrier lowerings and trappings which monitor the aforementioned multiphoton mechanisms [8] . Recently, they have experimentally been addressed by Yang et al. [9] of the bond-softening mechanism with respect to the total number of photons it involves. As will be shown, the different behaviors of the isotopes may somehow enlighten the discussion concerning the competition between the two possible fragmentation pathways: either a one-photon process through a barrier-lowering mechanism or a five-photon process, which is nothing but a three-photon absorption followed by two consecutive photon emissions [10, 11] . The initial state for all isotopes is the (v =0, j = 1) rovibrational level of the ground electronic potential. As has often been the case in recent works, any change in the rotation quantum number due to the interaction with the field is neglected [7] . It is worthwhile to point out that, for this level, even at 10' W/cm, ionization still remains negligible [12] . Thus, molecular stability with respect to dissociation is not affected by the ionization. The potentialenergy curves are given Morse-type representations [13] .
The calculations are done in the so-called radiative-field gauge (interaction in velocity form) [14] with the electronic transition moment also taken from Ref. [13] . The method which is used is a time-independent full collisional treatment based on the introduction of two artificial channels, as first suggested by Bandrauk and co-workers [15] and as recently implemented for the Hz+ photodissociation case in a close-coupled-equation formalism [14] . This treatment is a generalization of Shapiro's work [16] and adiabatic electron-plus-field potentials (dotted line) of H&+ with a field intensity of 1.4X 10' W/cm and the same wavelength. The channels bear two labels: one for the electronic degree of freedom (i.e. , Iso~or 2pcr") and the other for the Seld (i.e. , the photon number n). [3, 4, 6] . Such an effect monitors the decay of the shape resonance (U=O, j=l) by tunneling through the adiabatic channel correlating to fragments with kinetic energy corresponding to a onephoton absorption~2 po", n ), the whole process being dominated by a single-photon exchange between the molecule and the electromagnetic field. With respect to isotope substitution, the decay by tunneling is favored for the lighter Hz (smaller mass factor) which, in addition, experiences a lower barrier (higher vibrational frequency).
Such a model would lead to Rz~(Hz+) &Rz&(Dz+), the inequality being enforced with increasing intensity resulting into barriers which flatten accordingly. This is clearly in contradiction with our findings. Conversely, the results displayed in Table I can, at least partially, be interpreted in terms of a multiphoton process involving three steps. An initial three-photon ab-sorption can be modeled referring to a LZ type of argument with an effective" coupling between diabatic channels~iscr, n+I ) and~2 p tT", n -2), indirectly coupled at the curve-crossing position R =2 a.u. For this first step the transition probability is larger for the heavier isotope Dz+. The second step corresponds to a photon emission which occurs at R =3.6 a.u. , the position of the second curve crossing between radiatively coupled diabatic channels~2po ", n -2) and~istrs, n -1). Here again the LZ argument favors the transition for the heavier isotope. The last step is a subsequent photon emission leading to a transition from the diabatic channel Istrs, n -I ) to~2 po ", n ) without any curve crossing.
The LZ formula of Eq. (1) cannot be transposed directly to such a case, but one can presumably argue that the heavier isotope is again favored for this transition, namely because its lower velocity is such that actually D2+ is exposed to the radiative field for a longer time than H2+. In summary, all three steps contribute to the enhancement of the diabatic transition probability of D2+ with respect to H2+, in complete agreement with the results of Table I . This shows that the above-described five-photon mechanism is more likely than the single-photon tunneling as has already been mentioned [10, 11] .
As a word of conclusion, we consider the effect of isotope substitution in the H2+-D2+ photodissociating system as an additional proof to the fact that the one-photon dissociation process cannot merely be interpreted in terms of bond softening by a field-dressed barrier lowering, described by a single-photon exchange mechanism.
We rather suggest that this be interpreted in terms of a competition between the single-photon mechanism and a five-photon mechanism involving three simultaneously absorbed and two successively emitted photons. 
